Dirofilariasis is a zoonotic global vector-borne disease caused by Dirofilaria immitis.
| INTRODUC TI ON
Dirofilariasis, a vector-borne zoonotic filarial disease caused by the nematode Dirofilaria immitis, is regarded as a major problem in canine medicine worldwide. Dirofilariasis has been reported in many countries with temperate climates and is particularly prevalent in the Middle East, North America and southern Europe. Canid and felid species are the parasite's definitive host, and human might be an accidental one. 1 The parasites can survive for years in the definitive host's cardiovascular and pulmonary arterial systems and cause severe cardiopulmonary disorders. Infective larva are released into the host during feeding by several species of culicid mosquitoes including Culex, Aedes and Anopheles. Maturation of L1 larvae to L3 infective larvae occurs in the mosquito malpighian tubules, after which the larva migrate to the labium. Infective larva inoculated to subcutaneous tissue when the mosquito takes a blood meal; then, during 3 months, they enter the host bloodstream and mature to adult worms within 6 months in the host cardiopulmonary arteries and right ventricle. 2 Also, worms can be found in the pulmonary arteries as early as days 66-70. 3 However, the intensity of the infection and the microfilarial count in the host circulation does not always directly correlate with the number of adult worms in the host cardiovascular system. 4 In amicrofilaremic (absent or occult form) dirofilariasis, no microfilariae are found in the blood. 5 Many studies have not detected significant diurnal periodicity in microfilariae numbers in infected dogs;
however, some studies showed that they are often released into the bloodstream with circadian periodicity. 6 Dirofilaria immitis was first reported in Iran in 1969 in a dog imported from North America.
7
The reported prevalence of dirofilariasis in endemic regions varies and depends on several factors including diagnostic techniques, stage of the infection, geographical conditions, mosquito population and density and the presence of competent definitive hosts. 5, 8 Dirofilariasis is currently endemic in Iran, and the frequency estimates of dog dirofilariasis in some areas range from 0.95% to 36.8%. 9 Various dirofilariasis prevalence rates have also been reported in several wild carnivores, [10] [11] [12] [13] and domestic cat dirofilariasis has been reported in Iran. 14, 15 Recently, human ocular and subcutaneous dirofilariasis especially by Dirofilaria repens and in some lower cases by D. immitis have been reported as emerging vector-borne zoonoses, indicating its significance as a global health problem. [16] [17] [18] [19] [20] [21] [22] Development of effective diagnostic techniques and treatments is necessary to overcome this problem, particularly based on its increased resistance to preventive treatments such as macrocyclic lactones. 23 Currently, dirofilariasis diagnosis is based on veterinary physical examination, observation of microfilariae in blood samples, electrocardiography and serological and molecular methods. 2 In most clinical laboratories, the gold standard of the diagnosis of dirofilariasis is antigen detection in conjunction with microfilarial testing.
Microscopic examination may also result in false-positive findings due to infection with other filarial nematodes such as Dipetalonema reconditum, whose microfilariae are morphologically similar to those of D. immitis. 24 Many diagnostic methods detect parasite antigens only after the adult worms have colonized in the pulmonary arteries vs the heart, making these laboratory tests uninformative during the first 7-9 months of infection, but parasite antigens can be detected as early as 5 months. 8 Currently, serological methods are available for detection of specific D. immitis antigens in blood, based on ELISA and rapid immunochromatographic dipstick; however, they are not entirely reliable; thus, more specific and sensitive methods for dirofilariasis screening and serodiagnosis are needed. 25 Overall, due to high sensitivity, specificity and feasibility, serological methods are preferred to parasitological ones. 26 Despite these considerations, many commercial ELISA and dipstick-based kits are available and routinely used for serodiagnosis of dirofilariasis; however, these assays lack specificity due to cross-reaction with other common parasite antigens. 27, 28 Previous findings showed that the sensitivity of commercially available heartworm antigen detection kits ranged from 78% to 84%, and the specificity was about 97% but, there are newer studies with much high sensitivity and specificity when used in regions with low infection rates. 
| Parasite collection and ex vivo incubation
Worms were collected and washed in sterile phosphate-buffered 
| Sodium dodecyl sulphate-polyacrylamide gel electrophoresis and immunoblotting
The E/S and somatic extract proteins were separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) on 5% stacking and 15% separating gels in parallel with a commercial prestained molecular weight marker (SinaClon®, Tehran, Iran). 41 Gels were stained with Coomassie Brilliant Blue G250 or with mass spectrometry-compatible colloidal Coomassie Blue. Silver nitrate staining was also used to visualize faint bands as previously described. 42 Proteins were electrotransferred onto polyvinylidene difluoride (PVDF) membranes (Immobilon ® ; Sigma-Aldrich) with a semidry transfer system (PEQLAB Biotechnologie GmbH, Erlangen, Germany) at 0. 
| Fast protein liquid chromatography
The E/S contents were subjected to anion exchange chromatography using an AKTA PRIME Plus fast protein liquid chromatography Analogous peaks from several runs were pooled and freeze-dried.
The lyophilized fractions were solubilized in 0.1 mL of distilled water and electrophoresed on 15% polyacrylamide gels. The resolved proteins were stained with silver nitrate, and their apparent molecular weights were compared with the pattern of total E/S content. 43 
| RE SULTS
Twenty-seven of 43 dirofilariasis-suspected dogs were seropositive (62.8%, CI: 47.9-75.6) by ELISA and dipstick tests. Forty-one female and 26 male worms were obtained from the six infected necropsied dogs. Some of these parasites were used to make somatic extracts, and some were incubated in tissue culture flasks.
The protein concentrations of the somatic contents were 3200 μg/ mL, while, after 24 and 48 hours of incubation, the E/S extracts had 2 ). MALDI-TOF analysis identified nine and eight proteins in the somatic and E/S extracts, respectively (Table 1) . Six proteins, including polyprotein antigen (PPA), P22U, pepsin inhibitor Dit33, Dirofilaria neutrophil chemotactic factor (DiNCF) precursor, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) and heat-shock protein 70
(HSP 70), were found in both the E/S and somatic extracts. On anion exchange chromatography, two protein fractions, termed P1 and P2, were resolved when 87-100 mmol/L NaCl was injected into the col- ) dogs showed considerable immunoreactivity with mostly lowmolecular-weight proteins, although several high-molecularweight protein bands also reacted with infected sera. Our findings supported previous studies and revealed that the main immunogenic proteins in this parasite are low-molecular-weight.
| D ISCUSS I ON
This result supports the concept that low-molecular-weight antigenic components play a key role in defence against adult parasites. Dirofilaria pathogenesis, but further studies are needed. 38 As a diagnostic tool, MALDI-TOF has proved to be useful. Particularly, it seems some low-abundance proteins are difficult to identify by routine methods. 44 More recently, proteomic tools have and metabolic processes were reported. These molecules might be necessary to maintain the parasite infection in the host. 38 Oleaga et al identified 19 D. immitis proteins, six of which were immunoreactive with sera from both microfilaria-positive and microfilarianegative dogs. Some of those recognized antigenic proteins could affect the immune regulation of both patent and occult infections. 32 Recently, the study of D. immitis immunoreactive proteins has added crucial novel data applicable in vaccine studies. were also immunogenic and reacted with infected host sera.
37,45
We identified two main reactive enzymes, superoxide dismutase and peroxiredoxin (thioredoxin peroxidase), in the E/S extract. The D. immitis thioredoxin peroxidase and P22U proteins were also immunogenic and reacted with infected host sera. 32, 39, 45 However, further studies are needed to determine the best method to diagnosis dirofilariasis.
The proteins identified in this study were also detected in previous secretome studies. 38 Some of the proteins found in the current study possess regulatory or immunomodulatory potential and could function in parasite evasion from the host immune system by exclusive mechanisms; such as their effects on plasminogen/plasmin and fibrinolytic systems which inhibit blood coagulation and vascular endothelium. These mechanisms were well explained by many authors. 23, 32, 36, 38, 39 Several proteins identified in both E/S and somatic extracts had metabolic activities or binding characteristics.
Although these proteins were previously identified as commonly released proteins in the secretome, they were immunogenic in both E/S and somatic extracts. Although these proteins are immunogenic it seems that some of them are shedding decoys and not protective. 38 We believe that in the near future, some of these proteins in- 
| CON CLUS ION
The characterized proteins could potentially be suitable as biomark- 
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